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MORTIMER BUCKLEY, MD, FACC, JEREMY N. RUSKIN , MD, FACC
Boston, Massachusetts
Thirty-six patients underwent ventricular aneurysmec-
tomy and electrophysiologicallydirected endocardial re-
section for treatment of recurrent ventricular tachycar-
dia refractory to antiarrhythmic drug therapy. The
surgical mortality rate was 17% and all 30 patients dis-
charged from the hospital were alive at the end of the
follow-up period (range 6 to 54 months), yielding a cu-
mulative projected survival rate of 83% by actuarial
analysis. Poor systolic function of the nonaneurysmal
ventricular segments was the strongest and the only in-
dependent predictor of operative mortality among the
clinical, hemodynamic, angiographic and electrophysio-
logic variables analyzed by stepwise logistic regression.
Surgical therapy has become an alternative approach to phar-
macologic therapy in patients manifesting recurrent ven-
tricular tachycardia refractory to antiarrhythmic drugs (I-
ll). Directed left ventricular surgery involving map-guided
identification and resection of the diseased endocardial tis-
sue instrumental in the origin of ventricular tachycardia can
be an effective technique for the treatment of drug-resistant
recurrent ventricular tachycardia (5-9, II). Although this
technique was described more than 6 years ago (5), a de-
tailed assessment of the factors influencing the outcome of
electrophy siologically directed left ventricular surgery has
been reported only recently (12) .
We analyzed 37 clinical, hemodynamic , angiographic ,
electrophysiologic and surgical factors that might influence
the perioperative and the long-term surgical success in 36
patients with ventricular aneurysm who underwent electro-
physiologic map-guided endocardial resection and aneurys-
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Ventricular tachycardia recurred early in four of the
six patients in whom the endocardial resection was lim-
ited to a small area for technical reasons. Twelve pa-
tients, including 10 with sustained ventricular tachycar-
dia still inducible by postsurgical programmed electrical
stimulation, were discharged receiving antiarrhythmic
drugs that had been tried unsuccessfullybefore surgery.
During a mean follow-up period of 25 ± 15 months,
nonfatal sustained ventricular tachycardia recurred in
two patients after discharge. Inadequate endocardial
resection was a significant predictor of arrhythmia re-
currence.
(J Am Coli CardioI1986;8:201-9)
mectomy for recurrent sustained ventricular tachycardia un-
responsive to medical treatment. The specific aim of this
study was to perform survival analysis using life table meth-
odology and to identify, by stepwise logistic regression anal-
ysis, the predictors of perioperative survival and tachycardia
control after map-guided ventricular surgery.
Methods
Study patients. The study group comprised 36 consec-
utive patients with documented recurrent sustained ventric-
ular tachycardia who satisfied the following criteria: I) The
tachycardia was resistant to antiarrhythmic drug therapy and
was the primary indication for cardiac surgery. 2) A ven-
tricular aneurysm was present, defined angiographically as
a large discrete ventricular wall segment that was akinetic
or dyskinetic during systole and amenable to surgical re-
section. 3) Preoperative catheter mapping or intraoperative
mapping, or both , was performed to guide the endocardial
resection (patients undergoing extensive but visually di-
rected endocardial resection were excluded) . There were 31
men and 5 women with an age range from 32 to 72 years .
Thirty-five of the 36 patients had atherosclerotic coronary
artery disease with at least one clinically documented pre-
vious myocardial infarction. Another patient had undergone
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cardiac surgery for the repair of tetralogy of Fallot , which mg/min intravenously) , procainamide (2 to 7 mg/min intra-
had resulted in a right ventricular aneurysm . The number venously or 500 to 1,250 mg every 3 to 6 hours orally),
of documented episodes of sustained ventricular tachycardia disopyramide (100 to 200 mg every 6 hours orally), mex-
ranged from 3 to 17 per patient. iletine (200 to 300 mg every 6 hours orally) and aprindine
Previous antiarrhythmic therapy. Antiarrhythmic drug (100 mg every 12 hours orally). Beta-receptor blocking
failure was defined as spontaneous recurrence of sustained therapy with propranolol (40 to 120 mg/day in divided doses)
ventricular tachycardia during treatment with drugs at max- was used in addition to other antiarrhythmic drugs in 17
imal tolerated doses (16 patients) or failure of the drugs to patient s (pulmonary capillary wedge pressure < 21 mm Hg)
suppress sustained ventricular tachycardia induced by pro- and failed to suppress either spontaneous or electrically in-
grammed cardiac stimulation (II patients) , or both (9 pa- duced sustained ventricular tachycardia. Amiodarone (600
tients). The number of conventional or investigational an- to 1,200 rug/day in divided doses in 21 patients) either had
tiarrhythmic drugs used before surgery varied from two to been used unsuccessfully before referral or was administered
eight per patient (Table I) and included lidocaine (2 to 5 at our institution and failed to suppress spontaneous recur-
Table 1. Selected Clinical, Angiographic and Electrophysiologic Variables in 36 Patients Undergoing Directed Endocardial Resection
Induced
Time From LV LV Induced VT Site of Origin .
MI to Surgery No. of IABP Aneurysm EF XEF VT Rate Intraoperative
Case (mo) AADs Tried Required Location (%) (% ) CABG (beats/min) Map*
I 2 6 + Anteroap ical 32 17 0 210 S. apical
2 1.5 7 + Antcroapical 10 8 0 170 AS . mid
3 24 7 Anteroapical 25 13 0 180 AL , mid
4 3 5 Antero apical 20 15 0 2 10 AS, mid
5 5 6 Anterolateral 32 14 0 185 AL, apical
6 16 5 Antero apical 25 14 0 185 RV. apical t
7 I 7 + Anteroapical 17 9 2 225 AS. mid
8 I 6 Antcroapical 23 10 0 180 IS. mid
9 10 2 Anterol ateral 28 18 2 170 AL, apical
10 100 4 Inferoposterior 35 15 I 150 I, basal
II 7 3 Anlcroapical 26 15 0 J75 A. apical
12 1.5 2 Anlcroap ical 28 16 2 170 IS, basal
13 3 2 Anteroapical 18 14 I 150 L, mid
14 16 4 Anteroapical 25 15 0 165 RV, midt
15 132 2 Anterolateral 35 14 2 200 AS, apical
16 2 3 Anteroapical 35 15 0 260 AS, mid
17 7 5 Anteroapical 28 12 0 210 Multiple
18 60 4 Lateral 28 10 0 130 IL. basal
19 5 4 Inferior 31 19 2 300 S. mid
20 4 6 Inferior 38 15 2 160 IL. basal
21 27 8 Anteroapical 33 18 0 170 AL. apical
22 72 4 Anteroapical 24 17 2 150 AL, rnidt
23 37 4 + Anteroapical 27 14 0 L. mid
24 72 6 Anteroapical 40 27 0 180 IL. mid
25 3 5 + Anteroapical 30 15 0 AL. mid
26 7 4 Anterolateral 34 26 0 250 A. apical ]
27 I 4 Anteroapical 21 17 I 250 L. apical
2H 0 .5 7 + Anteroapical 22 7 I IS, basal
29 72 4 Anteroapical 25 19 2 165 IL, apical
30 7 4 Anteroapical 23 II 0 175 AS, mid
31 3 6 Anteroapical 37 12 0 230 AS, midt
32 90 4 Inferior 3 1 16 I 210 I. basal
33 3 8 + Anteroapical 28 14 0 IS. basal
34 5 7 Inferoposlerior 36 12 2 200 IS, basal
35 1.5 5 Ante roapical 15 9 2 210
36 4 RV 67 0 160 RV
*See Figure I for abbreviations of mapping sites. t Lefl ventricular and septal site of origin by endocardial catheter mapping . tMultiple disparate
sites of origin during presurgical catheter mapping . AAD = antiarrhythmic drugs ; CABG = coronary artery bypass grafting; IABP = intraaortic balloon
pump; LV EF = left ventricular ejection fraction; LV XEF = left ventricular excess ejection fraction; MI = myocardial infarction; RV = right
ventricular; VT = ventricular tachycardia; + = yes; - = no.
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Figure 1. Diagrams depicting the recording sites used during
electrophysiologic mapping. The recording sites are located cir-
cumferentially around the transverse section of the heart (top) at
different planes perpendicular to the long axis of the left ventricle
(LV) from the apex to the base (bottom). A = anterior; AL =
anterolateral; AS = anteroseptal; I = inferior; IL = inferolateral;
IS = inferoseptal; L = lateral; RV = right ventricle; S = septal.
pass, the epicardial reference electrodes were secured onto
the right and left ventricles. Local electrograms for ven-
tricular activation sequence mapping were obtained with the
use of a hand-held exploring bipolar electrode (2 mm in-
terpolar distance) from the preselected recording sites lo-
cated clockwise around the transverse sections of the heart
at different levels defined by planes perpendicular to the
long axis of the left ventricle, from apex to base (Fig. I).
Ventricular tachycardia was initiated by programmed ven-
tricular stimulation and the epicardial mapping was carried
out during total cardiopulmonary bypass. The ventricle was
then opened withan incisioncontained within the transmural
scar and the endocardial mapping was undertaken, begin-
ning clockwise around the exposed margin of the aneurysm
and recording from the preselected sites described in Figure
I. After completion of the electrophysiologic mapping, the
heart was cooled.
The surgical technique of aneurysmectomy involved re-
moving as much of the transmural scar as possible from the
free wall of the ventricle while leaving a cuff of transmural
scar approximately I em wide around the margins of the
incision. All patients underwent transmural scar resection,
the size of which varied among patients and was relatively
small when a large part of the transmural infarction incor-
porated the apical or basal septum. In addition, a 2 to 3 mm
deep patch of endocardium was excised at the site of origin
of the ventricular tachycardia which was not contained in
the tissue removed by aneurysmectomy in any of the cases.
rent ventricular tachycardia. Circulatory support with in-
traaortic ballooncounterpulsationwas usedin seven patients
(Table I) with low cardiac index (:52.3 liters/min per rrr')
and elevated pulmonary capillary wedge pressure (";?27
mm Hg). Ventricular tachycardia was not suppressed by
intraaortic balloon counterpulsation in any of these seven
patients.
Preoperative evaluation. Every patient underwentright
and left heart catheterizationand coronary angiography.The
left ventricular excess ejection fraction was calculated ac-
cording to the method of Lee et al. (13) without knowledge
of the surgical outcome. According to this technique the
size of the abnormally contracting segment (akinetic or dys-
kinetic) was estimated by expressing its diastolic length as
a fraction of the overall end-diastolic perimeter measured
from the contrast ventriculogram. The equation, ejection
fraction = 2/3 (I - percent abnormally contracting seg-
ment/I (0)3, adapted from the model described by Feild et
al. (14) was used to calculate the predicted ejection fraction
of a ventricle that contained the large akinetic or dyskinetic
segment with the remaining segments contracting normally
(13). The amount by which the predicted ejection fraction
differed from the patient's actual ventricular ejection frac-
tion was called the excess ejection fraction (13). The larger
the excess ejection fraction was, the more vigorous was the
function in the nonaneurysmal segments.
Preoperative catheter mapping was performed using an
electrode catheter (I em interpolar distance) positioned at
multiple left and right ventricular recording sites selected
according to a standardizedmapping scheme that comprised
a maximum of 26 possible recording sites, each with an
area approximately 4 x 3 ern measured with the use of a
standard grid. Each catheter position was verified by mul-
tiple plane fluoroscopy. Sustained monomorphicventricular
tachycardia was initiated by programmed cardiac stimula-
tion using single or double programined ventricular extras-
timuli during ventricular pacing in all patients. The number
of different preselected sites recorded during induced sus-
tained ventricular tachycardia varied from 8 to 14 per pa-
tient. Additional closely spaced sites were also mapped to
identify the endocardial foci manifesting the earliest re-
cordable presystolic activation relative to the surface elec-
trocardiogram. The site of origin of ventricular tachycardia
was defined as the ventricular endocardial recording site
displaying the earliest presystolic local electrogram late in
diastole (15). Two episodes of sustained ventricular tachy-
cardia in the same patient were considered to be morpho-
logicallysimilar if they manifestedthe same surfaceelectro-
cardiographicconfiguration(right or left bundlebranch-like)
and if the frontal axes did not differ by more than 45°.
Intraoperative electrophysiologic mapping and sur-
gical techniques. Intraoperative mapping was performed
under general anesthesia with core body temperature kept
at 36 to 37°C. After cannulation for cardiopulmonary by-
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The endocardial resection was considered to be limited if
the size of the endocardial patch resected was smaller than
one recording site according to the mapping scheme used
(Fig. I). The ventriculotomy was closed and coronary artery
bypass grafts were implanted whenever required. One pa-
tient underwent a second, more extensive map-guided en-
docardial resection in less than 1 week because of early
recurrence of ventricular tachycardia after the first resection.
In this patient the postsurgical follow-up after the second
operation was evaluated.
Postoperative evaluation. All surviving patients had
continuous monitoring of cardiac rhythm for at least 12 days
after operation (range 12 days to 2 months). In addition,
24 hour ambulatory electrocardiographic monitoring was
performed before discharge. All patients who survived the
operation, except one whose recovery was complicated by
a stroke, underwent electrophysiologic studies 17 ± 4 days
(range 13 to 23) after surgery, using a programmed cardiac
stimulation protocol identical to that used before surgery.
Serial antiarrhythmic drug testing guided by programmed
cardiac stimulation was carried out in patients who mani-
fested inducible sustained ventricular tachycardia after sur-
gery.
The long-term follow-up period was through June 1984
(range 6 to 54 months). The functional status of the patients
was clinically evaluated at least 3 months after discharge
using the New York Heart Association classification. Pe-
riodic ambulatory electrocardiographic monitoring was per-
formed in only half of the patients after discharge.
Statistical analysis. The values for the continuous vari-
ables are presented as the mean ± SD whenever appropri-
ate. Twelve clinical, 4 hemodynamic, 8 angiographic and
13 electrophysiologic variables were screened by univariate
statistical methods to identify those that manifested predic-
tive value (p < 0.05) for operative mortality and recurrent
ventricular tachycardia. Multivariate regression analysis
performed using the Cox model (16) was also applied to all
variables to identify the independent predictors of surgical
mortality and recurrent ventricular tachycardia. Kaplan-
Meier actuarial curves for survival and recurrent ventricular
tachycardia were constructed (17).
Results
Preoperative findings. At the time of cardiac catheter-
ization, the mean pulmonary capillary wedge pressure was
19 ± 6 mm Hg and the mean cardiac index was 2.5 ± 0.5
liters/min per m2 (range 1.4 to 3.6). The left ventricular
ejection fraction varied from 10 to 40% (Table 1). The
aneurysm location is also shown in Table 1. Three patients
did not undergo preoperative electrophysiologic mapping
because of hemodynamic instability. Right and left ven-
tricular endocardial activation sequence mapping was per-
formed during induced ventricular tachycardia in 32 patients
and during spontaneous ventricular tachycardia in 1. In four
patients activation sequence mapping could not be com-
pleted because of the hemodynamic and electrical instability
associated with the induced ventricular tachycardia. In 25
patients the electrocardiographic configuration of the sus-
tained ventricular tachycardia was unique and a unique en-
docardial recording site could be identified as the site of
origin of ventricular tachycardia by catheter mapping. In
four patients multiple disparate sites of origin which cor-
responded to the multiple episodes of induced ventricular
tachycardia manifesting a distinct surface electrocardio-
graphic configuration were identified.
Surgical procedure. Thirty five patients had left and
one patient had right ventricular aneurysmectomy. All 36
patients had map-guided endocardial resection. Fifteen pa-
tients also had coronary artery bypass grafting (Table I).
Intraoperative programmed cardiac stimulation initiated
ventricular tachycardia in 35 patients and epicardial map-
ping was performed during the induced tachycardia. In one
patient ventricular tachycardia could not be induced elec-
trically in the operating room and the electrophysiologic
data from the catheter mapping were used to guide the
endocardial resection. After ventriculotomy endocardial
mapping was carried out during the same uninterrupted ep-
isode of ventricular tachycardia in eight patients. Sustained
monomorphic ventricular tachycardia interrupted by ven-
triculotomy could be reinitiated and an intraoperative en-
docardial map completed in another 11 patients. The intra-
operative endocardial data corroborated the preoperative
endocardial catheter mapping data in all but one patient
(Case 13) who manifested a septal site of origin during
catheter mapping and a lateral free wall origin during the
intraoperative mapping. Endocardial resection was per-
formed at both sites in this patient.
In 16 patients complete intraoperative endocardial data
were not available because of the electrical instability of the
ventricular arrhythmias initiated after ventriculotomy; the
intraoperative epicardial mapping data and the preoperative
endocardial catheter mapping data were used to guide the
resection. In 14 of these 16 patients, the epicardial site of
early breakthrough of activation during sustained ventricular
tachycardia was located within one recording site (Fig. I)
of the endocardial site of origin previously identified by
catheter mapping, whereas these sites were separated by
more than one recording site and the epicardial breakthrough
site was on the right ventricle during two of the septal
ventricular tachycardias (Cases 6 and 14). The endocardial
resection was carried out at the septal site identified by the
preoperative catheter map in these two patients.
The size of the endocardial patch resected was greater
than the size of a recording site (see Methods section) in
30 patients. In six patients the endocardial resection was
limited, because of the proximity of the electrophysiolog-
ically located site of origin to a papillary muscle in three
JACC Vol. 8, No.1
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Figure 3. Relation betweenleftventricularexcessejectionfraction
and perioperative mortality. Left ventricularexcess ejection frac-
tion was a strong independent predictor of survival. The only
patientwho underwent right ventricularsurgery is not represented.
tachycardia initiated by postoperative programmed cardiac
stimulation (Table 2). Of the 30 patients in the group with
adequate endocardial patch resection, 3 died and I survivor
did not have postoperative programmed electrical stimula-
tion. Electrically induced sustained ventricular tachycardia
was still present in 7 of the remaining 26 patients who
underwent programmed cardiac stimulation (Table 2).
Thus, a total of J0 patients had inducible sustained ven-
tricular tachycardia after surgery. The ventricular tachy-
cardia induced by postoperative programmed cardiac stim-
ulation was similar in surface electrocardiographic config-
uration to the presurgical induced ventricular tachycardia in
six patients; three of these six patients had had" adequate"
resection. The postoperative presence of inducible sustained
or nonsustained ventricular tachycardia was not related to
the preoperative angiographic findings, the location of the
aneurysm or the site of origin of ventricular tachycardia.
The 10 patients with inducible sustained ventricular
tachycardia were discharged receiving antiarrhythmic drugs
regardless of the electrocardiographic configuration of the
postoperative ventricular tachycardia. In four of these pa-
tients, the induced tachycardia was suppressed by the an-
tiarrhythmic drugs tried, whereas in the remaining six pa-
tients it remained inducible although the rate and the method
of induction were modified by the drugs. Two more patients
received antiarrhythmic drug therapy for treatment of re-
current atrial fibrillation and frequent ventricular ectopic
activity. None of the patients had ventricular tachycardia
during the predischarge ambulatory electrocardiographic mon-
itoring.
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Figure 2. Actuarial curve for postoperative survival. The cu-
mulative proportion of patients surviving after surgery is plotted
against time. Standard errors of the means are indicated by the
vertical bars. The numbers in parentheses indicate the number
of patients still in follow-up at the beginning of a given interval.
patients and to the membranous septum in one patient, and
because of the difficulty encountered in extending the en-
docardial resection plane into areas that appeared minimally
affected by ischemic damage in two patients.
Surgical results. The surgical mortality rate was 17%.
All six deaths occurred within I week of operation, whereas
all of the patients discharged from the hospital were alive
at the end of the follow-up period (Fig. 2). One patient died
of intraoperative complications resulting from aortic can-
nulation and one died of ventricular rupture at the posterior
ventriculotomy site. The remaining four patients died in
cardiogenic shock despite treatment with intravenous pres-
sor agents and intraaortic balloon counterpulsation. Post-
surgical recovery was complicated by a stroke in I of the
30 survivors.
The strongest and the only independent predictor of sur-
vival was the excess ejection fraction (Table 1, Fig. 3). Five
of the six deaths occurred in patients with an excess ejection
fraction of 10% or less, whereas only one patient with a
preoperative excess ejection fraction greater than 10% died
(p < 0.01) (Fig. 3). However, overall left ventricular ejec-
tion fraction and the preoperative need for intraaortic balloon
counterpulsation, additional predictors of perioperative mor-
tality by univariate analysis (p < 0.05) (Table I), were not
independent determinants of surgical outcome in addition
to the ventricular excess ejection fraction. Several clinical
variables, the hemodynamic variables measured at the time
of the presurgical cardiac catheterization, extent of the trans-
mural scar resected and coronary artery bypass grafting were
not determinants of the perioperative mortality.
Postsurgical electrophysiologic findings. Of the six pa-
tients with a limited endocardial resection, four had early
recurrence of sustained ventricular tachycardia in the hos-
pital (Table 2). Three of these four patients died in cardio-
genic shock and the other one survived. All three survivors
with limited endocardial resection had sustained ventricular
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Table 2. Follow-Up Data in Patients With Extensive Endocardial Resection and With Limited
Endocardial Resection
Early PCS-Induced Late
Recurrence Sustained VT Recurrence Total No. With
of VT After Surgery of VT Recurrent VT
Extensive endocardial oof 30 7 of 26* I of 27 I of 30
resection (n = 30)
Limited endocardial 4 of 6 3 of 3t I of 3 5 of 6
resection (n = 6)
*Three perioperative deaths; one survivor did not have programmed cardiac stimulation . tThree perioperative
deaths. pes = programmed cardiac stimulation; VI = ventricular tachycardia .
location of the site of origin of ventricular tachycardia and
the extent of the aneurysmectomy .
Figure 4. Postoperative recurrence of ventricular tachycardia (VT).
The cumulative proportion of patients without recurrence of ven-
tricular tachycardia is plotted against time in this actuarial curve .
The standard errors of the means are indicated by the vertical
bars. The numbers in parentheses indicate the numbers of patients
without arrhythmia recurrence and still in follow-up at the begin-
ning of the given time interval.
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Discussion
Predictors of survival. The main objective of our study
was to identify the factors that determined the outcome of
electrophysiologically guided endocardial resection per-
formed in association with aneurysmectomy in patients with
drug-resistant ventricular tachycardia. Stringent inclusion
criteria were used to ensure the uniformity of the approach
and the homogeneity of the patient population . Our results
showed a high (83%) survival rate over a follow-up period
ranging from 6 to 54 months (mean 25 ± 15) and extended
previous reports (5,6,8-10,12) by demonstrating the high
long-term efficacy of electrophysiologically directed ven-
tricular surgery alone or in combination with previously
ineffective antiarrhythmic drugs in suppressing recurrent
ventricular tachycardia.
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Thus. a total of 12 patients were discharged receiving
antiarrhythmic drugs. None of these drugs had been suc-
cessful in suppressing ventricular tachycardia before sur-
gery. Amiodarone was used after surgery in only one pa-
tient.
Follow-up after discharge. All 30 patients discharged
from the hospital were alive at the end of the follow-up
period , yielding a cumulative survival rate of 83% over a
mean of 25 ± 15 months (range 6 to 54). The projected
actuarial cumulative survival curve is shown in Figure 2.
Twenty-four patients were in functional class I or II and six
patients were in class III. The preoperative functional class
improved in 18 patients , remained the same after surgery
in 16 patients and deteriorated in 2 patients in whom the
aneurysmectomy had resulted in increasing mitral regurgi-
tation .
The projected actuarial cumulative freedom from sus-
tained ventricular tachycardia was 84% at the end of follow-
up period (Fig. 4). After discharge, nonfatal sustained ven-
tricular tachycardia recurred in two patients, 2 and 6 months
after discharge, respectively (Table 2, Fig. 4). One of these
patients had undergone limited endocardial resection (Table
2). Although ventricular tachycardia recurred during phys-
ical and emotional exertion in one of these two patients,
subsequent evaluation did not suggest acute myocardial
ischemia to be a precipitating factor . In half of the patients,
periodic ambulatory electrocardiographic monitoring data
were available and revealed ventricular premature beats
and couplets of varying frequency but no ventricular tachy-
cardia.
In summary, 5 of the 6 patients with limited endocardial
resection had documented recurrent ventricular tachycardia
(4 early and I late) compared with only I of the 27 surviving
patients whose endocardial resection at the site of origin of
ventricular tachycardia was not limited (p < 0 .01) (Table
2). Limited resection was the only predictor of the failure
to control ventricular tachycardia in contrast to the other
clinical, hemodynamic, surgical, angiographic and electro-
physiologic variables analyzed, including the ventricular
JACCVol. 8. No. I
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Our 83% survival rate after surgery compares favor-
ably with previously reported survival values of 62 (18) and
63% (8) over comparable follow-up periods. As in earlier
map-guided series (5-10), the majority of the perioperative
deaths in our study were due to cardiogenic shock rather
than to persistent ventricular arrhythmias. In our patients
low (::; 10%) left ventricular excess ejection fraction, which
was used to express quantitatively the functional reserve of
the ventricle, was the strongest and the only independent
predictor of surgical mortality among many variables ana-
lyzed . The use of overall left ventricular ejection fraction
to select patients for surgical therapy might be misleading,
because this value could be very low despite well preserved
myocardial function in the nonaneurysmal segments of the
left ventricle, which is the more important determinant of
perioperative survival (Table 2).
Electrophysiologic findings and antiarrhythmic effi-
cacy. Although previous reports (5,6 ,9.12,19) showed a
high incidence of morphologically distinct ventricular tachy-
cardias with disparate sites of origin in the same patient,
this finding was relatively rare in our series . Our selection
criteria allowing only patients with a discrete ventricular
aneurysm might have caused this difference. A much larger
series recently reported by Miller et al. (12) showed that
disparate sites of origin of ventricular tachycardia and the
absence of a discrete left ventricular aneurysm were inde-
pendent factors associated with failure of subendocardial
resection to control ventricular tachycardia. All of our pa-
tients had a discrete ventricular aneurysm by selection cri-
teria and very few had disparate sites of origin of ventricular
tachycardia. The favorable antiarrhythmic efficacy of sur-
gery observed in our series may in part be explained by
these factors previously identified by Miller et al. (12). In
fact, our success rate after subendocardial resection is com-
parable with that reported by Josephson et al. (18) in their
patient subgroup with single ventricular tachycardia config-
uration. Our study extends the results of Miller et al. (12)
by emphasizing the important role of the excess ejection
fraction , in addition to the presence of a discrete aneurysm,
in surgical survival.
Technically satisfactory intraoperative endocardial maps
could be obtained in only 53 % of our patients . Although
this experience differs from the high success rate of intra-
operative endocardial mapping reported by Josephson and
coworkers (12 ,15), others (20) have reported a similar in-
ability to map intraoperatively after ventriculotomy. This
inability presents a difficulty because previous clinical and
experimental studies (21 ,22) have shown that the earliest
activation during sustained ventricular tachycardia may take
place at a subendocardial site several centimeters away from
the site of the earliest epicardial breakthrough. We fre-
quently relied on the data acquired during preoperative en-
docardial catheter mapping and, as reported previously (23),
our experience underscores the importance of performing
preoperative electrophysiologic catheter mapping to identify
the endocardial site of origin because this may not be achieved
intraoperatively in every case.
Five studies (8.9.24-26) are available comparing the
relative efficacy of electrophysiologic map-guided proce-
dures with procedures that were not electrophysiologically
directed. Three retrospective studies (8,9,26) and one pro-
specti ve study (24). none of them randomized but comparing
similar populations of patients , reported results supporting
the superiority of map-guided over nondirected procedures.
Two other reports (10,25) found no difference between the
two approaches. The nondirected procedures described in
these reports varied from cryosurgery and blind aneurys-
mectomy to visually directed endocardial resection, making
definitive comparison difficult. Our study is not a compar-
ative one but nevertheless suggests that the resection does
not have to be very extensive for success ifit is map-guided .
However, in view of the extra time and expertise required,
it is important to know definitely whether the map-guided
technique is superior to the unguided, visually directed ap-
proach, and this question can be answered with certainty
only by a randomized prospective trial. Finally, our study
shows that, in addition to the factors already identified by
Miller et al. (12), failure to perform an adequate resection,
that is, one that is commensurate with the resolution of the
mapping technique, is associated with a high incidence of
recurrence of ventricular tachycardia even if there is no more
than one morphologically distinct ventricular tachycardia.
Postoperative follow-up. The 34% incidence rate of
sustained ventricular tachycardia induced by postoperative
programmed cardiac stimulation in our study is comparable
with the 28% incidence rate reported by Miller et al. (12) .
In our study an attempt was made to suppress by antiar-
rhythmic drugs any sustained ventricular tachycardia, re-
gardless of electrocardiographic configuration, that was still
inducible after the operation . This policy may be justified
in view of a recent study (18) which suggested that post-
surgical induced ventricular tachycardias with a clinically
unobserved configuration did not appear to be artifacts and
manifested the same rates of failure and spontaneous re-
currence as those of the spontaneously occurring tachycar-
dias. The presence of 12 patients in our study still receiving
antiarrhythmic drugs at the end of the follow-up period
makes it difficult to evaluate the long-term efficacy of the
map-guided endocardial resection alone. However, none of
our patients at discharge were receiving an antiarrhythmic
drug that had not been tried unsuccessfully before surgery;
therefore, we believe that freedom from recurrent ventric-
ular tachycardia is unlikely to be solely due to the antiar-
rhythmic drug therapy.
The effects of aneurysmectomy and of coronary revas-
cularization also have to be considered. Aneurysmectomy
alone. by the technique described here, would not have
resulted in the removal of the area electrophysiologically
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defined as the site of origin of ventricular tachycardia in
any of our patients. However, aneurysmectomy may im-
prove hemodynamic function and, as in the case of coronary
revascularization, may influence ventricular tachycardia by
mechanisms that are not well understood, making the ef-
ficacy of directed endocardial resection alone difficult to
evaluate. Because the extent of aneurysmectomy and of
coronary revascularization varied, these cannot be consid-
ered uniform interventions in every patient. Furthermore,
not all patients in our study underwent an objective post-
operative evaluation of ventricular function that could be
compared with the preoperative evaluation. Thus, we cannot
comment on whether hemodynamic improvement played a
role in the control of ventricular tachycardia in any of the
patients. However, the long-term antiarrhythmic success
rate of surgery was not related in any way to the preoperative
hemodynamic and angiographic data, and the two patients
with a postoperative clinical deterioration in hemodynamic
status continued to be free of recurrent ventricular tachy-
cardia.
Limitations of the study. Both preoperative catheter
mapping procedures and intraoperative mapping are limited
by technical problems. Often the precise and reproducible
locations of the catheters are difficult to establish even with
multiple plane fluoroscopy during catheter mapping. Intra-
operative mapping, on the other hand, is carried out under
nonphysiologic conditions. The electrophysiologic data are
optimal when the preoperative catheter map and the intra-
operative map yield corroborative results. For various rea-
sons, such a positive correlation was possible in only 65%
of our patients, leaving us dependent predominantly on one
or the other technique, with its concomitant shortcomings,
in the remaining patients. The limitations concerning the
surgical technique of endocardial resection may also influ-
ence the success rate substantially and, as our results showed,
a limited inadequate resection in six patients was associated
with a high failure rate. The nonavailability of other tech-
niques such as cryothermal ablation of the endocardial tissue
may limit the efficacy of map-guided surgery in similar
patients. Finally, sustained ventricular tachycardia, identical
in electrocardiographic configuration to the preoperative
tachycardia, remained inducible postoperatively in three pa-
tients despite "adequate" endocardial resection at the site
of origin of the tachycardia. The errors involved in electro-
physiologic localization and definition of underlying mech-
anisms are most likely to be responsible for these failures.
Conclusions. In the surgical treatment of drug-refractory
ventricular tachycardia, the patients with a discrete ventric-
ular aneurysm who have relatively high residual systolic
function in the nonaneurysmal segments of the ventricle and
who also manifest a low incidence of multiple morpholog-
ically distinct ventricular tachycardias with disparate origins
represent a group with low surgical mortality and excellent
long-term prognosis. Despite the limitations inherent in dif-
ferent aspects of the electrophysiologic evaluation and the
surgical technique, our patients in whom a satisfactory di-
rected endocardial resection was possible manifested a high
long-term success rate in control of recurrent, previously
drug-resistant, sustained ventricular tachycardia by surgery
alone or in combination with antiarrhythmic drug therapy.
Thus, our study supports the view that the clinician can
predict those patients who are likely to survive and benefit
from surgical therapy by careful analysis of the angiographic
and electrophysiologic data. These data should be acquired
early in the evaluation period because in carefully selected
patients the morbidity and perhaps the mortality associated
with antiarrhythmic drug treatment may be prevented
by effective surgical therapy of recurrent ventricular tachy-
cardia.
We express our thanks to Joanne Melesciuc and Ellen DiBiase for their
secretarial assistance in preparing this manuscript.
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